Context. Two different formation scenarios for stars of masses larger than 10 M exist. Although simulations within both scenarios are capable of producing stars up to the highest observed masses, the relevance of the two formation scenarios for massive star-formation is not yet clear. Aims. We aim to detect companions to massive stars to constrain the binary parameters of the multiple systems. These findings will help to constrain the formation of massive stars. Methods. We performed z -band observations of massive and intermediate-mass stars in the Cep OB2/3 associations with the Lucky imaging camera AstraLux on the 2.2 m telescope of the Calar Alto observatory. The analysis aimed at detecting binary systems with separations out to 2. 2 (∼1700 AU), the inner limit depending on the contrast. The maximum contrast of 7 mag in z (corresponding to a mass contrast of 17:1 versus an O9V primary) requires a minimum separation of 0. 7 (∼550 AU). Results. We found 28 new companions for our sample of 148 intermediate-mass and massive stars in Cep OB2/3. The companion star fraction of the massive stars is 0.7; about 50% of the systems are triples. The mass function of the companions to the massive stars is strongly top-heavy. We found that the sample parameters closely agreed with those found in the Orion Trapezium cluster. Conclusions. The multiplicity of massive stars seems to be significantly higher than that of intermediate-mass stars, independently of the environment. The comparison of our findings with the theories of massive star-formation favor the formation of massive stars by the fragmentation of proto-stellar cores combined with competitive accretion.
Introduction
Understanding the formation of stars is one of the fundamental tasks of astronomy. For low-mass stars there exists a standard model of the formation process (e.g. Shu et al. 1987; Klessen et al. 2004) . However, the model of star-formation proposed there cannot be directly applied to massive star-formation (see e.g. Zinnecker & Yorke 2007) . The main reason for this is the high photon flux that can prevent further infall and potentially stop the formation at masses of ≈10 M (e.g. Wolfire & Cassinelli 1987) . Historically, the theory of massive starformation follows two lines.
The first one is a scaled-up version of low-mass starformation with the following modifications: Firstly, higher accretion rates are presumed, i.e. ≈10 −3 M /yr instead of the value of 10 −6 M /yr as found in low-mass star-forming regions. This value can be reached by taking turbulence and high pressure present in massive star-forming regions into account (McKee & Tan 2002; McKee & Tan 2003) . Values of accretion rates even higher than the one stated above have been observed in Orion by Nakano et al. (2000) . Secondly, the models include non-spherical accretion, as is indeed common in starformation. Calculations by Yorke & Bodenheimer (1999) , Yorke & Sonnhalter (2002) , Krumholz (2006) , and Krumholz et al. (2009) for example show that the formation of an accretion disk induces a non-isotropic distribution of the stellar radiative flux.
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The radiative acceleration is concentrated toward the poles and the radiation pressure on the accretion disc above the equator is reduced. Both effects together can result in a self-shielding of the accretion disk (Jijina & Adams 1996) , allowing matter to flow further onto the surface of the star.
The second approach to explain how massive stars form is based on the fact that massive stars usually form within the dense cores of stellar clusters where dynamical interactions play an important role. Massive stars near the center of these star clusters are at the bottom of the gravitational potential well. There they are fed with matter from the entire cluster rather than from their nearest environment only. The term "matter" in this context can also include complete low-or intermediate-mass stars, i.e. this scenario includes the creation of massive stars as the product of collisions between two or more intermediate-mass stars (Bonnell & Bate 2005) . A prediction of this hypothesis is that a large part of massive stars harbor close companions (failed mergers), potentially with another wide low-mass star in the system. An important condition for this scenario are minimum stellar densities of ≈10 6 pc −3 as observed in the centers of rich stellar clusters. Note that although both scenarios are capable of producing massive stars, the second scenario works for massive stars only, and the respective validity of each scenario for massive star-formation is not clear.
These two theoretical scenarios differ in their predictions regarding the formation of binary and multiple systems and the eventual distribution of binary parameters (mass ratio, separation, etc.). A&A 538, A74 (2012) In this work, we describe the result of an observing campaign targeting the Cep OB 2/3 associations and aimed at identifying these binary parameters for a sample of massive and intermediate-mass stars. Drawing conclusions from these parameters on the formation mechanism of the companion star(s) allows us to provide constrains on the formation scenario of massive stars.
Note that many groups have undertaken studies of the close environment of massive stars, among them Preibisch et al. (1999) , who concluded on a formation mechanism different from low-mass stars owing to an increased average number of companion stars per massive star, Duchêne et al. (2001) , who in contrast argue that standard accretion together with cloud fragmentation can explain their results; Turner et al. (2008) , who provide count statistics; Mason et al. (2009) , who concentrate on comparing the multiplicities of O-stars in associations to runaway and field O-stars; Sana & Evans (2011) , who focus on determining the parameter distributions of massive binaries, and Maíz Apellániz (2010), who used the same instrument as we did to derive the multiplicity fraction of 138 massive stars with δ > −25 deg. This paper is organized as follows: the next section will outline the selection process for our target areas and introduce the individual regions. Section 3 describes the observations and the data reduction. Section 4 will define the samples of physical companions. In Sect. 5 we investigate the multiplicity of these samples and present the properties of the companions derived from our observations, and in Sect. 6 the correlations between several binary parameters. The consequences for the formation scenario of high-and intermediate-mass stars will be discussed in Sect. 7. Finally, Sect. 8 will summarize the conclusions.
The Cep OB2/3 associations
To detect close companions, we need high linear resolution. This requires high angular resolution images and the proximity of the targets. To provide a statistically significant basis for our sample, the number of massive stars in the target area has to be sufficiently large, i.e., 10. A low stellar density at present day and a young age strongly reduce the effect of dynamical interactions on the binary parameters. The Cep OB2/3 associations fulfill all these criteria: they are positioned at a distance of ≈800 pc, and contain a high number of massive (Simonson 1968; Blaauw et al. 1959 ) and intermediate-mass stars (Sicilia-Aguilar et al. 2005; Contreras et al. 2002) . The stellar density of associations is in general not higher than that of the field (Jordi et al. 1996) . We measure a maximum projected stellar density of 4.2 pc −2 down to stars of spectral type A for our targets. Assuming the radial extension of the regions to be of the same order of magnitude as the apparent linear size, this translates into a massive-star density of always less than 0.3 pc −3 .
Finally the age of the two associations lies between 3 Myr and 10 Myr (Patel et al. 1995; Patel et al. 1998; Sicilia-Aguilar et al. 2004; Blaauw 1964; Blaauw 1991; de Zeeuw & Brand 1985; Jordi et al. 1996) .
The Cepheus OB2/3 association
We now briefly describe the origin of the CepOB2/3 associations and its star formation.
The Cep OB2 association
The Cepheus OB2 association is embedded in the Cepheus bubble, a bubble-like structure of atomic and molecular gas (Simonson & van Someren Greve 1976; Patel et al. 1994; Patel et al. 1998 ), extending about 120 pc around the center at RA(2000) = 21 h 24 m 04 s , Dec(2000) = +62
• 23 18 . Balazs & Kun (1989) and Patel et al. (1995) , Patel et al. (1998) derived a model of the bubble and its star-formation. From CO emission data and IRAS point sources, they modeled the bubble as a shell originating from one or more supernova explosions of firstgeneration stars. Now, the next-generation star-formation triggered by these explosions is taking place on the boundary of the bubble. Already there is a third generation of stars triggered by even more supernova explosions. Based on the expansion of the bubble and an additional instability argument for the rim of the bubble, the age is estimated to be about 7-10 Myr for the center (NGC 7160) and 3 Myr (Tr37) for the rim. Note that kinematic methods usually underestimate the ages of associations (Brown et al. 1997) . Additionally, the bubble can also be formed from the strong winds of the massive stars of the first generation (see Gouliermis et al. 2008) . However, the age derived for CepOB2 was confirmed by Sicilia-Aguilar et al. (2004) . They used stellar spectra in combination with colors, variability, and accretion features of low-mass stars in the association to determine the age.
The Cep OB3 association
The Cep OB3 association is located at a similar distance from the Sun as Cep OB2, i.e., 800 pc (Moreno-Corral et al. 1993) . It covers an area on the sky from approximately 22 h 46 m to 23 h 10 m in right ascension and +61
• to +64
• in declination. It can be divided into two subgroups of different ages (10 ± 2 Myr and 7 ± 2 Myr) by isochrone fitting (Blaauw 1964; Blaauw 1991; de Zeeuw & Brand 1985) . However, these age determinations based on isochrones are model-dependent and, therefore, have to be taken with caution. Indeed, an age determination from the expansion of the association, which again could be an underestimate, places it at 0.5 Myr (de Vegt 1966; Garmany 1973; Assousa et al. 1977; Sargent 1979; Trullols et al. 1997 ). The age difference and the spatial separation of the two groups, which are 13 pc apart from each other, is the basis of the hypothesis of sequential star-formation (Elmegreen & Lada 1977; Sargent 1979) . In this model, the ionizing radiation from early type stars causes a shock wave to propagate through the cloud. This shockwave makes the cloud gravitationally unstable, which results in a condensation into new massive stars.
An alternative model by Assousa et al. (1977) places the origin of the star-formation in the younger subgroup in a supernova explosion in the older group. The observational basis of this model was the existence of an Hi expanding shell around Cep OB3 first discovered by Simonson & van Someren Greve (1976) from 21 cm line observations. This shell with a radius of approximately 53 pc and an expansion velocity of 35 km s −1 was identified as (typeII) supernova remnant with an age of 0.43 Myr.
The possible stellar remnant of this supernova is the pulsar PSR 2223+65 with an age of 1.14 Myr. The event is much too recent, however, to have initiated star-formation in the younger subgroup. Another pulsar, PST 2324+60, with an age of 10 Myr also quoted by Assousa et al. (1977) seems to be a much better candidate to have triggered star-formation in the older and the younger subgroups. 
Observations and data reduction
Observations have been performed at the 2.2 m telescope at the Centro Astronómico Hispano Alemán with the AstraLux lucky imaging camera in Johnson z -band (Hormuth et al. 2008) . This camera uses a 512 × 512 pixel EMCCD as detector, which can be used as a noiseless photon counting device. Therefore, the sensitivity for the detection of companions is limited by the photonic shot noise as produced by the halo of the primary rather than by read out noise effects.
We observed 148 target stars in the Cep OB2/3 region. The lists contains 12 stars of spectral type O, 61 stars of spectral type B down to and including B3, 17 later-type B stars, and 58 A-type stars. The position of the targets on sky is presented in Fig. 1 together with a few examples of identified binaries. The observed targets are summarized in Appendix A, Table A.1.
The field-of-view of the exposures varied between 12 × 12 and 24 × 24 . The typical single frame integration time was 30 ms, the total exposure time per target typically 150 s. The camera gain was varied such that every target star exhibited approximately the same number of counts on the detector, typically 10% to 25% of the full-well capacity after electron multiplication. This makes the observations comparable within the same range of magnitude differences.
Data reduction was made with the standard AstraLux on line pipeline, which largely follows the procedures outlined in Tubbs et al. (2002) and is described in detail in Hormuth et al. (2008) . For the detection of companions at the separation of the diffraction limit, we used the 1% selection rate pipeline results. If there were wide (i.e. ≥1.0 separation) companions, we additionally used the 10% selection rate images, resulting in a lower final Strehl value but higher signal-to-noise ratio for faint sources outside the halo of the bright host star. In these cases, the typically achieved full-width-at-half maximum of the stellar point spread function (PSF) is 110 mas, whereas the theoretical diffraction limit is 87 mas. Note that the broadening is only partly caused by remaining atmospheric contribution, imperfect optics -particularly in the Barlow lens in use, slight undersampling and differential refraction also play a major role here.
For the subarcsecond companions, we used a PSF-fitting algorithm. If possible we used a PSF from the same image, if not we tried several PSFs and used the best fit. Relative photometry and astrometry were performed on the image.
The z magnitudes of the target stars were determined by converting literature B, R, I, V brightnesses using the transformation formula given by Smith et al. (2002) 
Companion stars are always assumed to be of luminosity class "V", the z -magnitudes of of all main-sequence stars were derived in the same way as above using UBVRI colors from (Straižys 1992 ). Hence, we were able to determine the spectral type of any detected companion by the sole measurement of contrast versus the primary in z , a method unaffected by distance or variable extinction. The spectral types are then converted to masses consequently mass ratios using the tabulated values again from (Straižys 1992) .
Definition of the samples

Identification of the physical companions
In the images of the 148 target stars that are members of the Cep OB2/3 association, we detected 182 potential companions.
A74, page 3 of 20 A&A 538, A74 (2012) Background stars were rejected by their spatial position only. To sort them out, we had to use a probability criterion because the observations were performed in one band only. We used the following criterion: from the total number of observations we derived the stellar density ρ for the target area. ρ is the surface density of background stars with a contrast of less than 7 mag versus the primary target in each frame. Since the number of sources per frame is generally low, we used an average value over all frames in our calculations. The cut-off of at 7 mag in contrast versus the primary reflects the variable camera settings that kept the sensitivity of individual frames tied to the primary's brightness. The cut-off of 7 mag ensures 100% completeness across the whole set of targets, it only decreases at the very inner edge of the field where photon noise from the primary additionally limits detectability.
The probability p of two stars at separation d being a chance projection is then
The probability of a single star to be a physical companion is consequently 1 − p. For a sample of N observations the total probability P to observe k chance projections is given by the expression
Therefore the most probable number of chance projections for a given maximum separation between the companions can be derived by maximizing P(k). After computing P(k) = 0.95, we excluded the outermost companion from the sample. The result of the procedure is a limiting separation of 2. 2, corresponding to a probability of 95% for a companion of a single observation to be physical -in other words, 1 in 20 stars is wrongly assumed to be physically bound.
Observational biases
There are two major biases that are potentially introduced by our methods used to constrain the sample of physically bound companions. First, the contrast limit of 7 mag introduces an apparent correlation between primary and secondary mass. It turns out, however, that no stars have been rejected by this criterion that could have been regarded as physical companions. Indeed, most of the contrasts we find are several magnitudes above this limit. More serious is the decreasing contrast limit caused by the primery's PSF halo between 0. 7 and the inner detection limit, 0. 08. Note the bias introduced by this limit shown in Fig. 2 : the closer a companion, the brighter, and thus the more massive, it has to be. We will refer to this bias as the "brightness-separation bias".
The border between intermediate-mass and massive stars
The border between low-mass and massive stars is a matter of definition. In our case, we are trying to find signposts for a change-over in the formation mechanism of stars as, e.g., suggested by Wolfire & Cassinelli (1987) . This change might not manifest itself exactly at the conventionally specified border of 8 to 10 M . To define our own sample of massive stars, we first search blindly for a change in the companion star fraction (CSF) as depending on the mass of the primary as a first hint for a different mechanism of formation. Note that the most massive star in our sample has about 60 M , and about half of the sample are located above the 8 M limit, most of them between 10 and 15 M .
Of course this approach can be called somewhat phenomenological, but once we detected a significant border between low and high masses, we examined the other parameters mentioned in the previous section and see which formation scenario for the massive stars is supported by the data. The CSF is one of the most straightforward parameters to find an appropriate position for the border to the high-mass regime. On the one hand this parameter is easily calculated for all targets, free of most observational biases and easy to compare across the sample, on the other hand one could naively assume that a change in the dominant mechanism of formation should manifest itself in the number of companions produced.
In Fig. 3 upper panel we show the CSF as a function of the maximum mass of the sample. It starts to rise at a border of ≈10 M .
To further investigate the significance of this border, the lower panel shows the ratio between the average CSF of stars more massive than a given mass, and the average CSF of stars less massive than that mass, plotted versus the mass where the division is made. The two dashed lines mark the error of the CSF ratio, calculated from the number of incidences via Poissonian statistics. The range displayed lies between spectral type B5 (5 M ) and B0 (20 M ) (Straižys 1992) . There is a clear local maximum around 10 M which corresponds to a spectral type B2V. We will therefore use this 10 M border to distinguish between our subsamples. We will refer to the subsample below this border as the "AB" sample, the more massive one will be referred to as the "OB" sample. Interestingly, this limit is consistent with the theoretical mass border around 10 M between the stars with and without PMS phase.
After the definition of the mass border we can counter-check the spatial separation we set as border between true companions and field stars. It turns out that for the massive sample there are several binaries with brightness contrast of 1.7 mag or less. The spatial border we defined above includes all these massive companions as physical companions. There is no object similarly massive outside this border on any of the images. The bright companions outside the border in Fig. 2 Lower panel: the ratio of two CSFs. One CSF is calculated for the sample of targets with the value on the x-axis taken as maximum mass, the other one is calculated for the remaining targets. The ratio is calculated as the value of the CSF of the sample of the more massive targets over the value of the CSF of the less massive sample. The dotted lines indicate the error range at the position of the peak and prove that the peak is indeed significant.
to intermediate-mass stars and have much lower masses. This finding again supports our choice of the spatial border.
Individual objects
Before we turn our attention to the general binary parameters, we present a list of objects with interesting properties in Table 1 . This compilation includes possible multiple systems from our images as well as findings from the literature. Potential companions farther away than 2. 5 are only reported if they can also be found in the literature.
Besides listing the name and spectral type of the target, Cols. 3 and 4 of Table 1 contain information on the separation and position angle of the respective companion. Column 5 contains the number of companions for each target, and in Col. 6 we state whether this companion is newly detected or already known and if so, whether so we can confirm the detection.
Investigation of the binary parameters
With the definition of the sample of physical companions in Sect. 4 we are ready to explore the parameters of the binary systems. Figure 4 shows the CSF as function of the spectral type of the primary star. The CSF is defined as:
Companion-star fraction and degree of multiplicity
For example a sample of a binary and a single star have a CSF of 0.5 or a sample of one triple and one binary has a CSF of 1.5. The samples of spectral types are defined as follows: A: all A-stars, AB: all A-stars and B-stars up to the mass border defined above, B: all B-stars, OB: all O-stars and B-stars down to the mass border defined above, and tot: all stars. The CSF rises Notes.
(0) y: new detection, c: confirmation of companion, nc: no confirmation of companion,
(1) Elongated PSF, potential unresolved companion, (2) Potential spectroscopic binary (SB) Blaauw et al. (1959) , (3) Dommanget & Nys (2002) , (4) SB Garrison (1970) , SB Pourbaix et al. (2004) , (6) SB Hill (1967) , (7) Fabricius et al. (2002) , (8) Potential SB Mason et al. (1998) , (9) Stickland (1995) , (10) SB (Batten et al. 1978) , (11) Eclipsing binary (EB) Samus et al. (2004) , (12) SB Doremus (1970) . 
For example a binary has a DOM of 1, a sample of binary and a triple has a DOM of 1.5, and the sample of a binary and a single star has the DOM of 1. For the OB sample this DOM counts 1.4 ± 0.1. The AB sample consists purely of binaries, i.e. has a DOM of 1.0.
Mass function of the companion stars
In Sect. 4.1 we used the contrast between primary and companion to define a brightness cutoff for our sample, which translates into a variable mass cutoff depending on primary mass. In the last section, we showed that companions are generally frequent within the OB sample. Knowing that the field stars follow a Salpeter IMF, the question is: does the companion mass function (CMF) of the sample follow the Salpeter IMF? To answer this, we will compare the data to Monte Carlo simulations based on a true Salpeter IMF.
The theoretical sample is constructed as follows: we simulated a theoretical mass function (MF) with a minimum mass of 0.1 M , a maximum mass of 60 M and a slope of Γ = −1.35. For every target star we applied the following constraints: the maximum detectable mass on the image is given by the mass of the target star itself and the minimum observable mass is given by the detection limit of 7 mag brightness contrast. For every individual image we constructed an observed CMF in this way. All the MFs constructed in this way were then combined into the single CMF that is shown as comparison in Fig. 5 . An algorithmic description of this procedure is shown in Alg. 1. In this way, the brightness-separation bias mentioned in Sect. 4.2 is taken into account when constructing the synthetic CMF and we can conclude that any deviation from what we see is really caused by the observed CMF being top-heavy.
Another argument against the deviation being solely caused by the brightness-separation bias is the following: Fig. 5 clearly if contrast limits render companion star observable AND star is fainter than primary then put star in MF 8:
end if end for 10:
Add CMF to SynthCMF end for 12: return SynthCMF shows that the OB star CMF is top-heavy for all samples with minimum separation less than 2 . Let us assume for a moment that the only reason for the obvious deviation from the Salpeter law is the brightness-separation bias. Then a fit with the Salpeter IMF, reproducing the distribution of companions, will provide us with the companions we miss because of our brightnessseparation bias. Such a fit yields more than 300 additional companions outside of our detection limits. As a consequence, every star in the sample would need to have about six unseen companions, a number which we discard as highly unlikely for the moment. A Kolmogorov-Smirnov test in the form described in Stephens (Stephens 1970 ) yields a probability of basically 0 that the observed mass distribution of companions is compatible with a Salpeter IMF input to Alg. 1. Therefore we conclude that the deviation from the Salpeter distribution is real.
Still, the CMF of the OB star sample can be modeled by a single power law. If we change the exponent of the generation function of SIMF in Alg. 1 to Γ = −0.001, as shown in Fig. 5 , we can reproduce the observed mass distribution of the companion stars. A Kolmogorov-Smirnov test computed for compatibility with a modified powerlaw with index Γ = −0.001 yields a probability of 0.9. This probability implies an indication that at least the exponent of the distribution would have to be modified.
Note, however, that we are biased towards bright stars and the modulus of the "true" value of the exponent is probably higher than the one derived here. 6 . Histogram of the distribution of magnitude differences between binary components in the OB sample. Overplotted is the best-fit model. The probability is displayed in the bottom of the image. The inset shows the cumulative distribution (steps) on which the fit (curve) was performed. See text for explanations about why a Gaussian fit passes the KS test well while a Bayesian analysis cannot find a significant evidience for either a Gaussian or a Uniform distribution.
Distribution of parameter ratios
This subsection contains our analyses of the of the binary parameter distributions. The result should be taken with extreme care because the sample size of 19 does not really allow a definite conclusion about whether the quantities in question indeed follow the assumed distributions or not. We derived the distributions of three binary parameters: the magnitude difference (contrast ratio), the mass ratio, and the separation. To derive a functional behaviour, i.e. multiple Gaussian or flat, we performed the following tests: generally, we tried to fit the observed cumulative distribution with a model distribution. As a measure for the goodness of fit we used the Kolmogorov-Smirnov (KS) test. This KS test is preferred over the standard χ 2 -test because of the low number-statistics we are dealing with -the total number of companions in our sample is 27. For such low numbers the KS test is known to have greater rejection power against false distribution choices than the standard χ 2 -test (Massey 1951) . It is also preferred over the Lilliefors-test, because the underlying distributions cannot generally be assumed to be Gaussian. Again we use the implementation of the KS-test described in Stephens (Stephens 1970) , which by the author is described to be a good approximation for sample sizes greater than or equal to eight. Note that the actual fitting procedure does not involve a true maximization of the probability computed by the KS test that the observed parameters have been drawn from the distribution in question, instead the fit was made "by eye" until the test gave a satisfying result. Note also hat the computed KS probabilities show the probability that all observed points of the cumulative distribution are compatible with the corresponding fitted distribution, assuming that the fit model it is indeed the underlying distribution.
Distribution of contrast ratios: Fig. 6 displays the distribution for OB stars. The fit was performed for a sample with separations larger than 0. 4 to reduce the influence of the brightness-separation bias. The goodness of fit is estimated by a Kolmogorov-Smirnov test between the model and the cumulative distributions. The probability that the fit and the data are drawn from the same original distribution is shown in the bottom of the image. The Gaussian models have the following parameters: the center at 1.1 mag and a width of 3.2 mag.
The alternative model of a flat distribution for the OB star sample has a probability of 0.81. Fig. 7 shows the distribution of mass ratios for the OB star sample. It is compatible with a Gaussian distribution with a peak at 0.45 and a width of 0.3 and with a flat distribution (not shown here).
Distribution of mass ratios:
This means that the data do not permit conclusion on a distribution of mass ratios.
Distribution of separations: as first assumption we used a lognormal distribution of the separations as found for low-mass stars by Duquennoy & Mayor (1991) . Here, we found that the Kolmogorov-Smirnov test yields only a poor agreement between data and the log-normal distribution. When we combined two different distributions to describe the data, the agreement was much improved. The fit was performed for a sample with a brightness difference lower than 3 mag to reduce the influence of the bias. Figure 8 shows the histogram of the distribution of separations for OB stars. Overplotted is the best fit to the cumulative distribution (shown in the inset). For the OB stars we used a combination of two Gaussians. One Gaussian is centered at log (r/1 ) = 0.2 with a width of 0.7, the other is centered at log (r/1 ) = -1.0 with a width of 0.1. Here we have the problem that the distribution peaks towards the inner cut-off and therefore we do not know if the curve has a maximum at this position or towards closer separations. We used the fit whose peak was as far to the right as possible. Again we also tried to fit a flat distribution to the OB star sample. The goodness of fit is 0.71. The steep increase for close separations seriously questions a flat model. Bayesian evidence for particular models: given our analyses above, which show satisfactory KS coefficients but can be doubted in terms of significance because of the small sample size, we computed generalized Bayesian evidence ratios between purely random and (double) Gaussian distributions for our data sets. The method closely follows that described in Bailer-Jones (2011) . Note that Bayesian evidence ratios do not compare a single best-fit realization of a particular model with a similar one for another model, but take into account the possible variations of parameters and also the amount of available data. Table 2 shows the distributions and parameter ranges tested according to the method and equations outlined in Bailer-Jones (2011). The outcome of Bayesian evidence ratios is disillusioning: evidence ratios between (double) Gaussian and uniform distributions are 0.6 for the contrast ratios, 5 × 10 −8 for the mass ratios, and 0.1 for the log separation. Note that Bayesian evidence ratios are usually considered as inconclusive when they are between 0.1 and 10. This means that although the KS tests favour the Gaussian over the uniform distributions for certain individual best-fit parameter sets, the generalized Bayesian comparison between Gaussian and uniform distributions is always inclined against the Gaussian models and plainly rejects the Gaussian model for the mass ratio distribution.
Correlations between binary parameters
While the actual discussion of the correlations between binary parameters and their potential meaning for the discussion about different formation scenarios for massive stars will be outlined in Sect. 7.1, here we concern ourselves with those three correlations that are found useful for distinguishing between scenarios: the correlation between total system mass M and binary separation R, the correlation between mass ratio m and binary separation R, and the correlation between system mass M and mass ratio m. Additionally, we will test the correlation between primary mass M 1 and secondary mass M 2 , because this is predicted to differ depending on the number of stars into which a core fragments (Clarke 2001) .
We have seen that for massive stars the number of higherorder systems, especially those including spectroscopic companions, is not negligible. In these systems dynamical interactions will play an important role during their formation. These dynamical interactions potentially reduce the degree of correlation between the binary parameters. Still, we will not exclude the known multiple system from the investigation because we cannot really quantify the effect of these interactions.
6.1. Separation vs. system mass Figure 9 shows the correlation between separation and system mass. The sample shows an anti-correlation between the two quantities. This relation becomes stronger when we exclude the wide companions and also when we leave out the O stars. Consequently the strongest (anti-)correlation can be found for the B0-B2 stars with separations ≤2 . We have to be careful, however, because the brightness-separation bias works in the direction of the observed correlation. This is especially true for the sample of B0-B2 stars with separations ≤2 . We conclude that the reality of the anti-correlation we detected is uncertain.
Mass ratio vs. separation
In Fig. 10 we show the correlation between mass ratio and separation. Again the removal of the wide companions increases the strength of the anti-correlation and the slope of the relationship.
Here the brightness-separation bias also works in the direction of the correlation. Again the spectroscopic binaries will add close pairs with high mass ratios, i.e., support the correlation. Our data alone however cannot clearly support the correlation, as observational biases alone can produce a very similar correlation (cf. Sect. 6.5) 6.3. Mass ratio vs. system mass From Fig. 11 it is clear that there is a correlation between mass ratio and system mass. This correlation is strongest for the sample of B0-B2 stars. This means it is greatly reduced by the stars of masses greater than 20 M that are suspected members of multiple systems. Again we have to take care of the influence of the brightness-separation bias: for the sample of B0-B2 stars the correlation is stronger if we do not leave out the wide companions. This indicates that the correlation must be real as the wider companions that increase the degree of correlation are not subject to the brightness-separation bias. Thus the correlation between separation and mass ratio seems to be real. 
Primary mass vs. secondary mass
The correlation between primary and secondary masses is shown in Fig. 12 . This correlation has a positive slope, and, according to its correlation coefficient, is the strongest of all. However, the brightness-separation bias is expected to have its strongest effect here, and a Monte Carlo analysis in the next section shows that it might indeed produce the observed correlation alone.
General notes on correlations
Generally, the correlation coefficients derived are low -below the threshold usually taken as reliable indication that a correlation exists. To verify whether the correlations found are indeed real, we performed a Monte-Carlo simulation of samples of massive stars. We generated 100 000 realizations of a 10 000-star sample and subjected them to simulated observations applying the same constraints in z-band contrast and separation as quoted in Sect. 4.1. The mass of the primaries and the secondaries were independently taken from the Salpeter IMF, reversing the ratio where secondaries came out more massive than the primaries. The separations were equally distributed. From every sample the first 19 star systems with detectable companions (according to our criteria defined in Sect. 4.1) were taken, so that we ended up with 100 000 samples of 19 stars to derive the correlation. The results are compared to the actual findings in Table 3 . Table 3 summarizes the observed correlation coefficients r and slopes s and compares them to these randomly generated ones. While the MC simulations deliver error margins for the coefficients and slopes for free from the large number of realizations, the errors on the coefficients of the observed sample were estimated from
where r is the correlation coefficient and N the number of targets Press et al. (1988) . As can be seen in Table 3 , the results are again ambivalent because of the low number of targets. Most of the error ranges -which can be considered 1σ errors -overlap or nearly do so. However, one can safely make the following statements:
-R vs. M shows a negative correlation that cannot be produced by observational biases (which were of course included in the MC simulations) alone. Still due to the large error bars the correlation is not established; -for the pair m vs. R, the result is unclear, the negative correlation appears to be slightly stronger in the observed sample than in the simulated one, but the error bars are too large; -m vs. M shows a correlation where the simulations clearly predict none; -the last pair, M 1 vs. M 2 , is again unclear.
Because using a Salpeter IMF does not reproduce a top-heavy companion sample as found in Sect. 5.2, we recomputed the MC simulations using the modified power law described in Sect. 5.2 with Γ = −0.001. All the resulting observed correlations do not differ significantly from those where a Salpeter law was used, except for the last one: as could be naively expected, the correlation between M 1 and M 2 becomes stronger and steeper with a correlation coefficient of 0.57 ± 0.18 and a linear slope of 0.74 ± 0.30.
Summary of the binary parameters
Here, we summarize our results.
From our sample of target stars we constructed the OB sample of massive stars with a lower mass limit of ≈10 M , which corresponds to spectral type B2V. For this sample, we derived several multiplicity parameters:
1. The CSF of the OB sample is high (0.39 ± 0.09). This value differs significantly from the CSF of the AB sample (0.17 ± 0.06). 2. The DOM differs significantly between the OB sample (1.4 ± 0.1) and the AB sample (1.0 ± 0.1). 3. There is an anti-correlation between system mass and separation which is, however, not well established. 4. The sample exhibits an anti-correlation between separation and mass ratio, but this is possibly produced by observational biases. 5. There exists a correlation between system mass and mass ratio that is not caused by observational biases. 6. We see a correlation between primary and secondary mass, but this may again caused by to observational biases combined with a modified CMF. 7. The mass function of the companions for the total sample of OB star companions has an exponent Γ of -0.001 instead of -1.35, the value of the Salpeter IMF. 8. Although distributions between mass ratios, brightness differences, and separations can be fitted well by individually chosen Gaussian distributions, a Bayesian analysis shows that one cannot decide between a uniform or a (double) Gaussian distribution in the cases of contrast ratio and separations, while it plainly rejects the Gaussian model for the mass ratio distribution.
Discussion
Companions of massive stars -formation and parameters
We now compare the outcome of our analysis to the predictions that can be derived for binary parameters under the different scenarios for the formation of massive stars. Both scenarios -scaled-up disk accretion and coalescence or competitive accretion -have in common that the origin of the binaries or multiple systems is either proto-stellar cores gravitationally bound to each other or one proto-stellar core that fragments further. The difference is the evolution of the binary from this starting point. In the case of the scaled-up disk accretion scenario (SADA) each star evolves from its own circum-stellar matter alone, whereas in the case of competitive accretion (CA) all parts of the multiple system have access to additional circumsystem matter.
Binary formation in the case of scaled-up disk accretion
The scaled-up disk accretion (SADA) scenario has three potential channels of binary formation: A pure capture scenario (Moeckel & Bally 2007) , formation of the companion by disk fragmentation (Kratter & Matzner 2006; Krumholz 2008) , and formation of the companion by fragmentation of the proto-stellar core (Clarke 2001 ). We will not discuss the first channel, because the pure capture scenario can only explain CSFs up to 0.3 (Moeckel & Bally 2007) , and is thus incapable of producing the CSFs found for massive stars. We will also not compare our findings to the second channel in detail, because we are not able to detect the low-mass companions predicted by the disk fragmentation channel.
Regarding SADA, we will therefore solely focus on the channel working via fragmentation of the proto-stellar core (SADA-PSCF).
For the SADA-PSCF scenario we assume that each star is formed from its own fragment and has no access to any circumbinary matter (Krumholz 2006) .
The rate of binaries and multiple systems is high in this scenario (see for example Clarke 2001) . Additionally, the models predict an increase of the CSF with primary mass. The fact that the two most massive fragments will form the out-coming binary will make the CMF top-heavy. This scenario predicts a correlation between system mass and separation because more massive stars need more matter and consequently a larger volume to form. An anti-correlation would also be possible within SADA-PSCF, but one has to make even more assumptions about a correlation between the density distribution of the core and the core mass. Observational evidence to prove any such assumption is missing. Therefore, we will restrict ourselves to assuming SADA-PSCF is valid only when we find a correlation.
A correlation between system mass and mass ratio is also consistent for SADA-PSCF, when the core fragments into very few parts only. In this case the mass of the companion is predicted to be correlated to the primary mass (Clarke 2001) . For a fragmentation of the core in a larger number of fragments one would instead expect an opposite behavior (see Clarke 2001) . However, for massive stars the correlation between system mass and mass ratio can be explained also by a different mechanism: if, during fragmentation, the most massive of the fragments starts to heat the core by its accretion luminosity as soon as it becomes a protostar (see Krumholz 2006) , it prevents further fragmentation and other fragments must be necessarily more massive because the Jeans mass rises with temperature: The more massive the primary, the earlier and stronger the heating, and thus the more massive and the fewer the companions. The luminosity L of the star depends on the mass M like L ∝ M 3.5 . Therefore, the companion masses should increase more than linear with system mass.
Binary formation in the case of competitive accretion and coalescence
In the competitive accretion (CA) scenario the stars compete for the matter of the available reservoir. For global competitive accretion, this reservoir is the entire cluster. In the case of local competitive accretion it is the proto-stellar core, which fragments as for the scaled-up accretion scenario. Note, however, that in contrast to the SADA where every proto-star has only access to circum-stellar matter confined within its fragment, for CA every proto-star additionally has access to matter of the original proto-stellar core outside its fragment. In the extreme case this means every star has access to the entire reservoir of matter contained in the original proto-stellar core. CA needs stellar densities of ≈10 6 pc −3 to work (Zinnecker & Yorke 2007 ). As mentioned above, we expect the original global stellar density of the investigated regions to be below 10 5 pc −3 . Locally, however, the threshold could still easily have been exceeded at the time of formation, so CA is still likely to work for our targets.
In both cases (global and local) the binary or multiple systems form as originally wide low-mass systems and undergo evolution during the accretion phase. This evolution strongly affects the binary parameters. The general connection between system mass (M) and separation (R) is given by (see Bonnell & Bate 2005 )
For spherical infall we obtain R ∝ M −3 and for constant angular momentum of the in-falling gas R ∝ M −1 as extreme cases (see Bonnell & Bate 2005) . For a turbulent ambient medium that adds mass to the growing stars, Bonnell and coworkers find a relationship of R ∝ M −2 . This model also predicts a correlation between binary separation and mass ratio as well as between system mass and mass ratio Bate (2000) . For more details of this scenario we refer to, e.g., Bate (2000) , Bonnell et al. (1998) , Bonnell & Bate (2005) , and Bonnell (2008) . Here we will merely summarize the outcome: within a scenario of accretion onto a wide binary, anticorrelations between separation (R) and system mass (M), and between separation and mass ratio (m) are expected.
We also expect a correlation between system mass and mass ratio as well as between primary mass (M 1 ) and secondary mass (M 2 ). An increase of CSF with primary mass as well as a topheavy CMF for massive stars is also expected. This top-heavy CMF of the companions is the result of an over-proportionally strong growth of the star with the lower mass in this binary formation scenario. Table 4 summarizes the parameters we examined and their predicted behavior in the two cases of modified disk and competitive accretion. The parameters that seem to distinguish between the two scenarios are written in boldface. Interestingly, all possibilities to probe the scenarios point towards the CA mechanism, although the parameter x in Eq. (10) comes out as x = 1.22, whereas Bonnell & Bate (2005) give 0 ≤ x ≤ 1.
Comparison of parameter behavior to observations
Companion star fraction: the CSF agrees well with both scenarios. A slightly flattened CMF again agrees well with the scenarios.
Companion mass function: for both evolutionary models we can state that the flatter slope of the CMF compared to the Salpeter mass function is peculiar in the context of stellar evolution from proto-stellar cores to stars: observations of protostellar cores Alves et al. (2007) , Beuther & Schilke (2004) seem to suggest that already at this evolutionary stage the mass function follows a Salpeter law with a shift in mass (Alves et al. 2007) . In other words: if every proto-stellar core only formed one star, the resulting mass function would be the Salpeter IMF. However, these results have to be taken with care because the error bars on the data of Beuther & Schilke (2004) are large and in the case of Alves et al. (2007) it is questionable if the cores will give birth to stars.
If we assume for the moment that their findings are real and further assume that, in the case of fragmentation of the protostellar core, the ratio between the fragments' masses is not related to the system mass then the MF of the cores will be transcribed (with a tendency towards higher secondary masses as argued above) onto the MF of the primaries as well as the secondaries. Our data contradict this scenario.
Further evolution of the binary systems is needed to explain the shape of the mass function. This can be competitive accretion as well as strong dynamical interactions. However, it is not clear if the latter will change the mass function in such a dramatic way. accretion scenario. Exceptions are the relation between separation and system mass, the correlation between mass ratio and separation, and the CMF. Below we will check the consistency of our data with these predicted relations.
The correlation between mass ratio and system mass is well expected for competitive accretion. For a scenario of core fragmentation followed by SADA this correlation is neither given for a N = 2 fragmentation nor for a fragmentation into more parts (see Clarke 2001) . The only possible way to still allow for a SADA would be if the total mass in undetected companions is so high that the system mass calculated by us is a strong underestimation. This appears unlikely, however.
For both models, fragmentation and competitive accretion, we can state that the flat slope of the MF of the secondaries in concert with an increase of mass ratio with system mass is consistent with a picture where the primary MF is the Salpeter IMF, whereas the secondaries follow a different MF. As a crude approximation we take the relationship between system mass M and the ratio between primary mass M 1 and secondary mass M 2 as linear (for large masses this is of course wrong because at some mass the secondary would be more massive than the primary). This roughly complies with the value of the slope for the OB sample. If we then use the formulas
and
then
For a low value of aM the secondary mass M 2 increases quadratically with system mass and M 1 linearly. If the system MF follows the Salpeter IMF then the primary MF does as well. The secondary MF follows the distribution of ≈ √ M and therefore has an exponent of α = −2.35/2 and consequently for the cumulative distribution of ≈Γ = −0.2. This value is consistent with our measurement.
For the massive stars the anti-correlation between system mass and separation contradicts the SADA scenario, whereas the competitive accretion scenario can easily be applied to the data and is therefore much better suited to explain the formation of the stars. The high multiplicity of the massive targets also fits into this picture. For the case of the CA scenario the fairly qualitative argumentation we used is supported by simulations by Bonnell & Bate (2005) .
Comparison with other star-forming regions
Various studies of the multiplicity of main-sequence and T Tauri stars have been performed in the past. This includes studies on Ftype and B-type stars (Abt et al. 1990; Abt & Levy 1976) , nearby G-dwarfs (Duquennoy & Mayor 1991) , K-dwarfs (Mayor et al. 1992) , M-dwarfs (Henry & McCarthy 1990; Tokovinin 1992; Fischer & Marcy 1992) , T Tauri stars (Leinert et al. 1993; Brandner & Koehler 1998; Ratzka et al. 2005; Ghez et al. 1997) and OB samples (Duchêne et al. 2001; Preibisch et al. 1998; Nelan et al. 2004; Apai et al. 2007) . One can find a decrease in CSF with spectral type from ≥100% for OB-type stars to T Tauri 120-500 13 ± 3% 12 ± 5% Ori. Trapez OB-type 64-500 38 ± 14% 24 ± 6% ρ-Oph T Tauri 56-928 16 ± 4% 30 ± 7% USco A T Tauri 64-450 15 ± 5% 22 ± 6% USco B T Tauri 64-450 22 ± 8% 22 ± 6% Lupus T Tauri 64-450 15 ± 5% 22 ± 6%
Notes. The last column gives the CSF for our OB sample when restricted to the separation range given in Col. 3.
50%-60% for F-and B-type stars to 45% for K-type stars and 42% for M-type stars. For the T Tauri stars the CSF varies between different star-forming regions. For Taurus itself there is high evidence for a CSF of 100%, whereas in Scorpius and ρ Ophiuchi the CSF seems not to differ significantly from that of main-sequence low-mass stars. Our findings confirm the trend of a decrease in the CSF towards stars of later spectral type.
In Table 5 we compare our CSF with that from the starforming regions found in the literature in the common regime of spatial separations. The name of the region and the targets under investigation are shown in Cols. 1 and 2. For comparison, we artificially place the region from the literature at the distance of Cep OB2/3 and apply our observational constraints to it. This yields the range of separations presented in Col. 3 of the table. The CSF from the literature shown in Col. 4 is then the CSF derived for this range of separations. As comparison we show the CSF of our OB sample derived for the same range of separations in Col. 5.
The CSFs found from the literature in most regions are quite similar. The two exceptions are Orion and Taurus. Both have an overly high CSF where Orion has by far the highest one.
CSF: the CSF of our sample agrees only with regions where the range of separations is relatively small. For samples with a larger regime of separations the CSF we find in Cepheus is usually larger than that found in the literature. The only exception is Orion where the CSF from the literature is comparable to the one we detect.
That the CSF compares well to the regions where the spatial regime is small and not to those with a larger range of separations indicates that the spatial distribution of companions is important for a comparison.
DOM: the DOM within this regions can be derived from the ratio of single stars (S) to binaries (B), triple systems (T) and quadruple or higher systems (Q). This ratio found in the literature for low-mass and T Tauri stars (Duquennoy & Mayor 1991) is 57:38:4:1 and 60:39:3:2 (Leinert et al. 1993) , respectively. If we apply our detection bias to the sample by Preibisch et al. (1999) in Orion we find a distribution for S:B:T:Q of 6:3:3:1.
For the regions mentioned above the DOM is 1.14 ± 0.06 for the G-star sample of Duquennoy and Mayor, 1.16 ± 0.06 for the T Tauri stars and 1.7 ± 0.26 for Orion. The value found in Orion differs significantly from those in the other regions. For our sample of massive stars we find a DOM of 1.4 ± 0.1. Both values are consistent with the values for Orion only.
Preibisch et al. also found a significant difference of the CSF and the DOM for stars earlier and later than a spectral type around B3. In our case we observe something similar with a cut around spectral type B2. The CSF is much higher for the earlier stars and the number of higher-order systems significantly larger.
Parameter distributions: in Sect. 5.3 we concluded that from our sample we cannot really tell whether distributions of mass ratios, separations and contrasts appear uniform or Gaussian, with the exception of the mass ratio distribution where the Bayesian evidence pointed clearly against the Gaussian. We nevertheless compare these findings to other studies conducted previously to ours.
Distribution of separations: a pronounced Gaussian distribution of orbital periods was found by Duquennoy & Mayor (1991) for the solar neighborhood. Converting their units to separations, they found a peak at 31 AU and a standard deviation of 0.7 AU. Note that these values are all comprised in our innermost bin, so we cannot verify this distribution here. Kouwenhoven et al. (2007) and Brandner & Koehler (1998) also found distributions rising towards peaks at their respective inner detection limits, but again owing to the farther distance of the Cep OB regions we cannot compare our distribution with theirs.
Brightness distribution: our brightness distributions of OB stars is similar to that found by Kouwenhoven et al. (2007) . Their distribution, if binned in 0.5 mag bins, is also fairly flat. This finding is confirmed by Ratzka et al. (2005) for ρ Ophiuchi.
CMF: the CMF derived for the OB sample differs strongly from the Salpeter IMF and has an exponent Γ = −0.001. A similar flattening has been observed in the center of massive young clusters in our galaxy (Figer et al. 1999; Stolte et al. 2002) . Values of Γ between -0.65 and -0.8 were measured there.
It is unclear, however, whether Figer et al. (1999) and Stolte et al. (2002) distinguished between primaries and companions. If not, their observed value would then result from a mixture of the two slopes yielding a value intermediate between -0.001 and −1.35.
Therefore the IMF found in the galactic clusters may be strongly contaminated by binary stars.
Mass ratio distribution: the behavior of the mass ratios we observed is compatible with values from the literature (i.e. Duquennoy & Mayor 1991) , which show a peak around 0.2-0.3 but in general are fairly flat. Distributions from other regions like NGC 6611 (Duchêne et al. 2001) or Scorpius (Kouwenhoven et al. 2007 ) are also comparable to that of our OB sample. In these regions an overabundance of low mass ratios with respect to high mass ratios were found, as we can also see for the widest companions in our sample.
Correlations between binary parameters: unfortunately, we cannot compute the correlations between binary parameters for the literature samples. In principle, it would have been possible to compare to the data by Kouwenhoven et al. (2007) . But they only have a single target with a mass above 10 M harboring a companion within our detection limits, so a computation of correlations actually does not make sense. Therefore we conclude:
1. The CSF and the DOM of our OB sample compare well with the findings in Orion only. 2. The mass limit attached to the change in the CSF and the DOM is in the same range as found in Orion and also agrees with the theoretical border between stars with and without PMS-phase. 3. The exponent of the mass function of the companions for the OB star companions is -0.001 instead of -1.35. This value can explain the flattened IMF found in the centers of massive clusters as a combination of a Salpeter IMF for the primaries and a strongly flattened CMF instead of dynamical mass segregation. 4. The rise towards close separations in the distribution of separations in our OB sample compares well with results found in other star-forming regions. 5. The distribution of brightness differences for the OB star sample compares well to the distributions found in most other star-forming regions. 6. The tendency of wide companions of the OB sample to be less massive compares well with the findings in NGC 6611 and ρ-Oph.
Summary and conclusions
We performed a z -band multiplicity-survey of massive and intermediate-mass stars in the Cep OB2/3 association. We divided our sample of 126 target members of the association into two subsamples of stars. One subsample, the OB sample, includes all primaries with spectral types earlier than B2, the other -AB sample -those stars with later spectral type. This border fits with the theoretical border between the stars with and without PMS-phase well. This mass border also divides regimes of a different CSF as well as DOM and compares well to the border detected by Preibisch et al. (1999) in Orion.
The CSF of the sample of AB stars was measured to be 17 ± 6%. A completion for missing companions owing to observational biases shows that the CSF of AB-stars is compatible with values ≥0.41. This agrees well with measurements on T Tauri stars and G-type stars in other star-forming regions. No multiple systems of higher degree are detected for this sample.The distribution of brightnesses and mass ratios both compare well with the literature. The mass function of the companions is potentially slightly top-heavy but still agrees with the Salpeter IMF.
The (uncorrected) CSF for the OB sample including spectroscopic binaries found in the literature was measured to number 69 ± 9%. A completion for missing companions owing to observational biases shows that the CSF of massive stars is compatible with values ≥1.21. This value compares well with values detected for massive stars in different star-forming regions, especially Orion. The DOM of 1.4 of our OB sample also compares well to the ratios found in Orion and differs significantly from the values found in other star-forming regions.
The mass function of the companion stars fits well with a MF with slope Γ = −0.001. This can explain the findings of a flattened mass function with a slope of Γ = −0.6 to -0.8 in the center of young galactic clusters.
The distribution of separations of the massive sample increases towards our lower detection limit of 0. 08 and shows a weak maximum at 1. 6. This increase towards lower separations compares well to the findings in most other star-forming regions. In Scorpio A Brandner & Koehler (1998) found an additional peak of the distribution as we do for the OB star sample but at the closer separation of 350 AU (0. 4 at the distance of Cep OB2/3).
The distribution of mass ratios is peaked around 0.45 and compares well to other star-forming regions.
More than 60% of the companions of this massive sample have a brightness contrast to the primary of ≤1.7 mag. The massive companions apparently have four regions where they reside: spectroscopic, around a separation of 80 AU, 400 AU and 1600 AU. These different regions seem not to result from projection effects. This observation needs to be further confirmed and ifso, will be a challenge to any model of massive star-formation. A possible explanation is that the wide companions reside on highly eccentric orbits. This is additionally hinted at because they are to about 50% members of real or suspected triple systems. It would be interesting to re-observe these targets with larger telescopes and interferometers to possibly detect these close companions. Additionally, an observation with GAIA at least for the companions with intermediate separation (≈0. 8) could test the hypothesis of eccentricity.
The findings confirm that massive stars tend to form in multiple systems. Dynamical interactions play an important role during the formation.
The correlations between system mass, binary separation mass ratio and primary and secondary mass all agree well with a scenario of the formation of a close binary via competitive accretion onto an originally wide one. A scenario of fragmentation of the proto-stellar core to explain the data needs a fine-tuning of the correlation between core mass and density gradient and is less favorable. A survey of proto-stellar cores with ALMA can test this correlation. All the correlations found agree well with the data found in Scorpius OB2 by Kouwenhoven et al. (2007) . This implies that the mechanism of binary formation is universal at least for OB-associations.
A competitive accretion scenario can explain our data of the massive stars best. However, a proper motion study of the region indicates that the stellar density in our region has never been high enough for a competitive accretion scenario to work on a global scale. Thus it seems that the reason for the multiplicity of the stars is intrinsic to their formation and a local effect, i.e., does not depend on the properties of the surrounding cluster or association. Consequently, we favor for the formation of multiple systems in the Cep OB2/3 associations a scenario where the proto-stellar core fragments into a few parts only and the fragments undergo an evolution determined by competitive accretion, giving each component access to the matter reservoir comprising the whole original proto-stellar core. The number of fragments rises with the core mass from two for stars with spectral types later than B2V to three or more for more massive stars. 
